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(54) Multi-rule quality control method and apparatus 

(57) A method and apparatus lot analyzing Jtm. 

cally significant components of control solutions com- 
prise providing a programmable machine, executing on 
the machine a program which tests the results against a 
set of statistical quality control rules, and producing indi- 
cations to an operator of the results of the tests. Illustra- 
tively, (a) laboratory analytical instrument(s) run(s) the 
control solutions interspersed among patient samples, 
the concentrations of medically significant components 
of which are determined by the laboratory instru- 
ments). The quality of the laboratory instrument's 1 ) 
process(es) for determining the concentrations of the 
medically significant components of the patient samples 
are monitored by testing the outcomes of the concentra- 
tion determinations of the control solutions against the 
set of QC rules. The QC testing process is conducted as 
the concentrations of the medically significant compo- 
nents of the control solutions are determined, so that 
delays between the determination of the concentrations 
of the medically significant components of the patient 
samples and the determination of the state of control of 
the process(es) by which those concentrations are 
determined are minimized. 
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Description 

Field of the Invention 

5 [0001] This invention relates to laboratory information management systems of the type wherein one or more auto- 
mated or partly automated laboratory instruments, for example, instruments for determining the concentrations of med- 
ically significant components of samples of body fluids and/or tissues from patients who have submitted such samples 
for testing, provide information such as identifying indicia and control solution test results to a programmable machine 
which is programmed to test such results against statistical quality control criteria defined by way of rules. 

10 

Description of the Background Art 

[0002] Laboratory information management systems are known generally. Some such systems permit the operator 
to select a rule against which one or a group of such results may be tested. Typically, the way in which this is done is 
is that control solutions having known concentrations of a medically significant component of interest, for example, a hor- 
mone, are processed by the laboratory instrument right along with patient samples. The programmable machine then 
tests the laboratory instrument's concentration determination results against the known concentrations of the hormone 
in the various controls as determined by the laboratory instrument. 

[0003] The statistical quality control test, or rule, might be, for example. "Is the reported result for the control solution 
20 within one standard deviation of the known concentration?" If the answer to such a test is "Yes," the laboratory instru- 
ment's concentration determination process is considered to be in control, and testing to determine the concentration 
of the hormone in patient samples proceeds. If the answer to this question is "No," the laboratory instrument's concen- 
tration determination process is considered to be out of control, and appropriate steps are taken to bring the process 
back into control and/or to retest the affected patient sample concentration determinations to provide more reliable 
25 results. 

[0004] There are various sources of statistical quality control rules. Examples of collections of such rules are the so- 
called Rilibak rules and the Westgard rules, attributed to Dr. James O. Westgard. Westgard statistical quality control has 
been implemented manually in the control of processes using Shewhart charts. These statistical quality control strate- 
gies, while effective, permitted only off-line, non-real time testing of process results against the statistical quality control 
30 rules. What this ordinarily meant in the manufacturing context, for example, is that by the time statisticians became 
aware that a manufacturing process was out of control, several potentially non-conforming units of manufacture had 
already been produced. This, of course, typically dictated that further quality checking be performed on suspected non- 
antamn^uni&ai manufectuce^ and/or corrective action betaftterrasaaeesEap: 

35 Disclosure of the Invention 

[0005] According to an aspect of the invention, a system for analyzing the results of determinations of the concentra- 
tions of medically significant components of control solutions comprises a programmable machine, and a program exe- 
cutable on the machine for testing the results against a set of multiple rules and for producing indications to an operator 

40 of the results of the tests. 

[0006] Illustratively according to this aspect of the invention, the system further comprises an instrument for sequen- 
tially determining the concentrations of medically significant components of multiple samples of body fluids and control 
solutions, and an interface for relaying the results of the determinations of the concentrations of the medically significant 
components of the control solutions to the programmable machine to be tested by the program. 

45 [0007] Further illustratively according to this aspect of the invention, the program for testing the results against multi- 
ple rules comprises a program for testing a result of a first determination of the concentration of a first medically signif- 
icant component of a first sample of a first control solution against a first subset of the set of multiple rules, and 
subsequently testing a result of at least one of: a second determination; the concentration of a second medically signif- 
icant component; a second sample; and, a second control solution against at least one of the first subset and a second 

so subset of the set of multiple rules. 

[0008] Additionally illustratively according to this aspect of the invention, the instrument for sequentially determining 
the concentrations of medically significant components of multiple samples of body fluids and control solutions com- 
prises an instrument for sequentially determining the concentrations of different medically significant components of 
samples of different body fluids and different control solutions in response to instructions to determine the concentra- 

55 tions of different medically significant components of samples of different body fluids and different control solutions, and 
the program comprises a program for instructing the instrument to determine the concentrations of different medically 
significant components of samples of different body fluids and different control solutions, and the system further com- 
prises an interface for relaying instructions from the programmable machine to the instrument. 
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[0009] Additionally according to this aspect of the invention, the system further comprises a second instrument for 
sequentially determining the concentrations of medically significant components of multiple samples of body fluids and 
control solutions, and an interface for relaying the results of determinations by the second instrument to the program- 
mable machine to be tested by the program. 

[0010] Further illustratively according to this aspect of the invention, the instrument and the second instrument 
respectively comprise: an instrument for sequentially determining the concentrations of different medically significant 
components of samples of different body fluids and control solutions in response to instructions to determine the con- 
centrations of different medically significant components of samples of different body fluids and control solutions; and, 
a second instrument for sequentially determining the concentrations of different medically significant components of 
samples of different body fluids and control solutions in response to instructions to determine the concentrations of dif- 
ferent medically significant components of samples of different body fluids and control solutions, and the program com- 
pnses a program for selectively instructing one of the instrument and the second instrument to determine the 
concentrations of different medically significant components of samples of different body fluids and control solutions, 
the system further comprising an interface for relaying instructions from the programmable machine to the one of the 
instrument and the second instrument. 

[0011] According to another aspect of the invention, a method for analyzing the results of determinations of the con- 
centrations of medically significant components of control solutions comprises the steps of providng a programmable 
machine, testing the results on the machine against a set of multiple rules, and producing indications to an operator of 
the results of the tests. 

[0012] Illustratively according to this aspect of the invention, the method further comprises the step of sequentially 
determining the concentrations of medically significant components of multiple samples of control solutions and body 
fluids, and relaying the results of the determinations of the concentrations of the medically significant components of 
the control solutions to the programmable machine to be tested by the program. 

[001 3] Additionally according to this aspect of the invention, testing the results against multiple rules comprises test- 
ing a result of a first determination of the concentration of a first medically significant component of a first sample of a 
first control solution against a first subset of the set of multiple rules and subsequently testing a result of at least one of 
a second determination; the concentration of a second medically significant component; a second sample; and. a sec- 
ond control solution against at least one of the first subset and a second subset of the set of multiple rules. 
[001 4] Further according to this aspect of the invention, sequentially determining the concentrations of medically sig- 
nificant components of multiple samples of body fluids and control solutions comprises sequentially determining the 
concentrations of different medically significant components of samples of different body fluids and control solutions in * 
response to instructions to determine the concentrations of different medically significant components of samples of dif- 



rcanf components of samples of different body fluids and control solutions, and relaying instructions from the 
programmable machine to the instrument. 

[001 5] Additionally illustratively according to this aspect of the invention, testing the results against the set of multiple 
rules comprises testing a result of a first determination of the concentration of a first medically significant component of 
a first sample of a first control solution against a first subset of the set of multiple rules and subsequently testing a result 
of at least one of: a second determination; the concentration of a second medically significant component; a second 
sample; and, a second control solution against at least one of the first subset and a second subset of the set of multiple 
rules. 



Brief Desc riptions of Illustrative Drawings 

[0016] The invention may best be understood by referring to the following detailed description and accompanying 
drawings which illustrate the invention. In the drawings: 

Figs. 1-12 illustrate certain screens generated by an apparatus and method according to the present invention- 
and, 

Figs. 13-16 illustrate flow diagrams of program modules for conducting a method;agcording to the present invention 

on an apparatus according to the present invention. - - 

t < 

Detailed D escriptions of Specific Embodiments 

[001 7] Multi-rule statistical quality control strategies employ combinations of rules to achieve lower incidences of false 
rejects for the same probability of detecting a given size error than single rule statistical quality control strategies can 
The rules employed in implementing such strategies can include, for example, combinations of two or more of the fol- 
lowing rules. In the following rules, "ks," where k is an integer, means k standard deviations; "W means within a run* 



3 



0962872A2_L> 



EP 0 962 872 A2 

and, "A" means across runs. A "run" is a quality interval, that is, a length of time or number of events, such as, for exam- 
ple, an eight hour shift or other stable interval between calibrations of the equipment from which quality data is being 
monitored. This run length is typically selected based upon the test the quality interval of which is being established and 
the laboratory instrument upon which the testing is being conducted: 

5 

1x2s-a control result was > two standard deviations in either direction from the known concentration of a control; 
1xks--a control result was > k standard deviations in either direction from the known concentration of a control; 
2x2swW or 2x2swA-two control results are > two standard deviations in the same direction (that is, both low or both 
high) from a common control s known concentration; 
10 2x2saW or 2x2saA--two control results are > two standard deviations in the same direction from their respective 
controls' known concentrations; 

2 of 3x2swW or 2 of 3xswA-two of three control results are > two standard deviations in the same direction from a 
common control's known concentration; 

3x1swW or 3x1swA--three control results > one standard deviation in the same direction from a common control's 
15 known concentration; 

3x1 saW or 3x1saA~three control results > one standard deviation in the same direction from their respective con- 
trols' known concentrations; 

4x1 swW or 4x1swA-four consecutive control results are > one standard deviation in the same direction from a 
common control's known concentration; 
20 4x1 saW or 4x1saA«four consecutive control results are > one standard deviation in the same direction from their 
respective controls' known concentrations; 

MxbarwW or MxbarwA-m control results are all greater than or all less than a common control s known concentra- 
tion; 

MxbaraW or MxbaraA-m control results are all greater than or all less than their respective controls' known con- 
25 centrations; 

RkswW or RkswA-the absolute value of the difference between the standard deviation indices of any two control 
results is greater than k. The standard deviation index is a normalized deviation scale expressed in units of stand- 
ard deviations of a data set. For example, for a data set with a standard deviation of 12mmol., the standard devia- 
tion index of a measurement with a deviation of 30mmol. would be 2.5. This is sometimes written as 2.5SDI; 
30 RkswS or RksaS-across systems (for example, different laboratory instruments whose outputs are being tested 
against the rules by a common programmable machine or network including such machines-as used in this appli- 
cation, the term programmable machine includes both), the absolute value of the difference between the SDI of the 
qcef^cDatttrresutt: awXimgTO c J ( tftt efcacfca fta pn ted tasBftis greater than * anfr; 

IvfmonowWor MmonowA or IvTmonoaW or MmonoaA-the indicated concentrations of M controls are monotonically 
35 increasing or decreasing. 

[0018] This listing of rules is not intended to be exhaustive. Other statistical quality control rules are available against 
which to test laboratory instrument results meaningfully. In this regard, reference is here made to the Rilibak and West- 
gard rules, which are incorporated herein by reference. 

40 [0019] The disclosed multi-rule QC system may be an add-on to an existing laboratory instrument management pro- 
gram such as, for example, the Laboratory Systems Manager (hereinafter sometimes referred to as LSM), available 
from Boehringer Mannheim Corporation, 91 15 Hague Road, Indianapolis, Indiana 46250. The multi-rule QC approach 
is based upon the assumption that an analytical technique is stable within limits determined statistically from past per- 
formance except when certain events occur which have a significant probability of affecting that stability, such as, for 

45 example, the previously mentioned recalibration, cycling the power to an instrument off and on, and so on. Within the 
contemplation of the invention, once an instrument has passed an initial calibration, patient test results are released 
continuously (referred to in the statistical quality control art as an open run)without waiting for a subsequent control 
check (referred to in the statistical quality control art as a bracketed run) of the stability of the instrument from which 
those results are generated. To enhance the reliability of the process, control checks are performed in a manner calcu- 

50 lated statistically to provide a predetermined probability of detecting deviations of a predetermined magnitude, usually 
a medically significant magnitude. When controls are tested, the results are evaluated by combinations of the multiple 
rules which specify the allowable variance within a set of results. Sets of results can include data from multiple control 
materials, multiple instruments, and multiple analytical modules within a single laboratory instrument. The suite of rules 
defines when a process is considered in control and when it may be out of control. The system can be configured to 

55 automate the release of patient results while the suite of rules against which the control results are being tested indi- 
cates that a process by which the control and patient results are generated is in control, and to automatically block the 
release of the results as soon as the suite of rules against which the control results are being tested indicates that the 
process being conducted by the laboratory instrument producing the results is out of control. The system and method 
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according to the invention also support the bracketing mode. As previously noted, in the bracketing mode, patient 
results are held until results of the testing of one or more controls by the instrument are evaluated by the multi-rule strat- 
egy. Once the results of the instrument's testing of the control(s) is(are) tested against the suite of rules and the instru- 
ment is determined from this testing to be in control both before and after the patient sampie(s) was(were) evaluated, 
the patient results are released, for example, to a patient results data base. 

[0020] The system of the present invention provides: a method for selecting and configuring the suite of QC rules 
against which a particular result or group of results will be tested; an engine that evaluates results as they arrive at the 
programmable machine; a display of whether the measurement process is in control according to each selected rule of 
the suite, or whether the measurement process is under caution according to that rule, or whether the measurement 
process is out of control according to that rule; a means for the operator to set the status of a particular result or group 
of results with respect to selected criteria independent of rule status-tor example, an operator can overwrite the 
selected rule(s) and always be in control of the process; a visual indication of the condition of statistical quality control 
testing of the results against each rule-for example, "green" = ok, "yellow" = warning, and "red" = failed when tested 
against a particular rule; a display of the state of a particular result or group of results with respect to a particular rule; 
automatic switching of the state of a particular result or group of results when testing of the control(s) associated with 
that particular result or group of results against a rule indicates that the process by which the result(s) is(are) obtained 
is or may be out of control; automatic release of validated results generated by the laboratory instrument, for example, 
into a data base of such results, as long as testing of the control(s) associated with that particular result or group of 
results against all selected rules indicates that the process by which the result(s) is(are) obtained is in control; when the 
testing is being conducted in bracketing mode, automatic switching of the state of a particular result or group of results 
when testing the controls associated with that particular result or group of results against all selected rules indicates 
that the process by which the result(s) is(are) obtained is in or out of control, respectively, and automatic passage of 
that(those) result(s) to the data base, or withholding of that (those) resurt(s) from the data base, respectively, depending 
upon the state of that particular result or group of results. 

[0021 ] The multi-rule quality control testing method and apparatus can be integrated into laboratory system data han- 
dling and management software. In the illustrated example, the multi-rule process and apparatus are implemented as 
components of the LSM. the disclosure of which is incorporated herein by reference. In the LSM. information, prompts, 
etc.. are displayed to the operator on screens designed to resemble hanging file folders. The tabs at the tops of the var- 
ious folders select those folders. Selection of one of the folders causes that screen, its contents, menu, etc., to be dis-: 
played to the operator. The screens which are accessed by the multi-rule method and apparatus in the illustrated:* 
embodiment include a test status screen which displays the status, for example, in control (indicated by a green circle) ,r 
^i^ ji^l lfe 3 yell ° W CirC<e containin 9 30 exclamation mark), and out of control (indicated by a red circle con- 

frof, violations produced by rule failures, and details of the control results associated with each failure. From this screen, 
an operator can also manually control the status of a test and view a log of all manual operator QC events and interac- 
tions. Any comments added by operators in connection with manual operator QC events and interactions can also be 
viewed and edited. These comments will indicate by which operator and when the comments were entered, protecting 
against someone else changing the comment, but permitting adding to the comment. A library of standard comments 
is also available from which the user can select (a) standard comment(s). Illustrative test status screens are illustrated 
in Figs. 1-4. An illustrative test status report is illustrated in Table 1. 
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55 

[0022] The screens also include a multi-rule QC rules administration screen. Using this screen the operator can select 
the operating mode for a test, for example, whether the test will be performed as an open run or as a bracketed run. 
This screen permits the operator to select the run length. If the control result(s) being tested is (are) part of an open run, 
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data from patient samples will be automatically released to a patient result data base if the multi-rule testing of the con- 
trol result(s) indicates that the process by which the patient and control results are obtained is in control. If the control 
result(s) being tested is (are) part of a bracketed run, data from patient samples lying within the brackets will be held 
until the multi-rule testing of the control result(s) which close(s) the run indicate(s) that the process is in control. This 

5 screen also permits the operator to select the statistical quality control rules against which the control results are to be 
tested for QC purposes. This screen also prompts the operator to designate any parameters required to be designated 
for any selected rule, such as, for example, the k in ixks. For rules which are to be applied across systems, that is 
across different laboratory instruments, this screen permits the operator to select which system will be the reference 
system for testing. Finally, this screen permits any selected rule to force a test into either a caution or out of control state 

10 when testing indicates that the process is out of control. An illustrative multi-rule QC rules administration screen is illus- 
trated in Fig. 5. Illustrative QC rule settings are illustrated in Table 2. 
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[0023] A control definition screen permits the operator to establish quality control-specific parameters of control mate- 
rials, such as, for example, mean values and standard deviations of the biologically significant components of those 
controls. This screen also permits designation of a particular lot of material as a process control lot or study lot. A study 
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lot is a lot which is used in statistical calculations, but not in the multi-rule quality control strategy for controlling the proc- 
ess. Illustrative control definition screens, pages 1 and 2, are illustrated in Figs. 6-7. 

[0024] A QC results screen permits the operator to view control results in detail. The operator can exclude or include 
control results from the long term quality control statistics as well as delete ones which are the result of gross operator 

5 errors, such as the misidentification of a material. An illustrative QC results screen is illustrated in Fig. 8. 

[0025] A patient validation screen permits functions similar to the QC results screen, but also permits the viewing and 
disposition of patient results in the context of their associated control results. Illustrative patient validation screens, the 
first screen and a screen displayed when the "more" button is clicked, are illustrated in Figs. 9-10. 
[0026] A comment administration screen permits entry of comments which can then be selected from a menu. A com- 

10 ment dialog is presented to the operator for the entry of text, either to add text to an existing comment or to provide a 
new comment. The method and apparatus of the present invention will typically be configured to automatically present 
the dialog whenever the operator performs certain actions such as forcing (a) result(s) into an out of control condition 
or into an in control condition, excluding (a) control result(s), and so on. This screen is intended to encourage the oper- 
ator to enter comments to help document and explain such actions. This supports a laboratory policy of encouraging 

15 operators to comment by offering an opportunity for them to do so, or enforcing the entry of comments where appropri- 
ate. An illustrative comment administration screen is illustrated in Fig. 1 1 . 

[0027] A user access rights administration screen permits the system to be tailored to varying levels of access by dif- 
ferent operators. For example, some operators may be permitted to access all system screens while others are permit- 
ted to access only certain screens. An illustrative user access rights administration screen is illustrated in Fig. 12. 

20 [0028] Two background modules provide most of the internal functions of the multi-rule QC system. One of these, the 
run module, monitors the receipt of control and patient results from the various laboratory instruments whose results 
the system is monitoring, passes control results to the other module, a rules evaluation module, and modifies the status 
of a test according to the evaluation results. After checking patient results for normal ranges, etc., the run module can 
automatically release a patient result if the corresponding test status is in control and the rule against which the asso- 

25 ciated control is tested is operating in open run mode. If the rule is operating in bracketing mode, the run module does 
not release a patient result until the module has received and tested sufficient control results to establish that the entire 
bracketed run is in control. The run module also provides certain services to the various screens to support operator 
actions, such as forcing a control result into an out of control condition or into an in control condition, deleting or exclud- 
ing a result, and so on, and updating information for display on all screens. 

30 [0029] The rule evaluation module is the background module which is responsible for evaluating control results 
against the selected QC rules. This module keeps sufficient information about the most recent control results to be able 
to evaluate each control result against all selected rules as each control result is received. The rule evaluation module 

from the various faboratory instrument interfaces. Except when bracketing mode is enabled, the system continuously 

35 evaluates and releases patient results to the patient results data base. 

[0030] The flow diagram illustrated in Fig. 13 illustrates validation of results obtained from a laboratory instrument 
through an appropriate interface. As each result is provided to the system of the invention, it is identified as either a con- 
trol result or a patient result. If the result is identified as a control result, it is next determined whether the result is a proc- 
ess control result. If the result is identified as a process control result, it is tested against the selected statistical quality 

40 control rules. See Fig. 14. If the system and method are not operating in bracketing mode, results passing testing 
against the selected statistical quality control rules are supplied to the QC test status data base. If the system and 
method are operating in bracketing mode, and the end of the bracket has not yet been reached, the results are added 
to the long term quality control data base. If the system and method are operating in bracketing mode, and the end of 
the bracket has been reached, all patient results within the bracket are either blocked or released, depending upon 

45 whether the control results passed testing against the selected statistical quality control rules. All control results are 
added to the long term quality control data base. The system and method then return for evaluation of the next result. 
If the control result is not a process control result, it is added to the long term QC data base. If the result is a patient 
result, it is validated technically. See Fig. 15. Once validated technically, it is validated against the QC test status. See 
Fig. 16. The system and method then return for evaluation of the next result. Finally, if a result is neither a control result 

so nor a patient result, an error is indicated. 

[0031] In the application of the rules. Fig. 14, the decision is first reached whether more rules are selected or config- 
ured. If not, the system and method have finished testing the result against the selected rules. If so, the system and 
method get the next rule against which the result is to be tested. The system and method determine whether all results 
required by the rule to conduct the indicated test are available. If not, the status of the test is indicated as incomplete. 

55 and the system and method return to determine if all results required by the rule to conduct the indicated test are avail- 
able. If so the system and method determine whether the rule has been violated by the result. If not, the process is indi- 
cated as being in control with respect to that particular rule, and the system and method return to test the result against 
the next rule. If the rule is determined to have been violated, the severity of the violation is ascertained. There are, as 
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noted above, two levels of severity, caution and out of control, tf the process is adjudged out of control, an indication of 
the out of control status of he result with respect to that rule is produced, the status of he test with respect to that rule 
is stored in the QC test status data, and the system and method return to test the result against the next rule. If the proc- 
ess is adjudged to be in a caution condition, an indication of the caution status of the result with respect to that rule is 

5 produced, and the status of the QC test with respect to that rule is determined. If the QC test status is already in an out 
of control condition, the system and method return to test the result against the next rule. If the QC test status is not in 
an out of control condition, an indication of the caution status of the result with respect to that rule is produced, the sta- 
tus of the test with respect to that rule is stored in the QC test status data, and the system and method return to test the 
result against the next rule. It should be noted that the system and method will not reduce the severity of system status 

w with respect to a selected rule, for example, change an indication of the system status with respect to a selected rule 
from red to yellow, red to green, or yellow to green. An operator must intervene to achieve this. However, the system 
and method will increase the severity of the system status with respect to a selected rule, for example, change it from 
green to red, green to yellow, or yellow to red, automatically whenever such action is warranted by the results of testing. 
[0032] In quality control test status validation, Fig. 16, the system and method first determine if the QC test status is 

is indicated as out of control. If so, a result is marked with a QC error and blocked. The result is saved to the data base 
and the QC test status validation is complete. If the QC test status is not indicated as being out of control, the timing of 
the result is ascertained, If the result is prior in time to the most recent determination, based upon testing of a control, 
that the process is in control, the result is blocked. Underlying this action is the assumption that the QC test must have 
indicated that the process being tested was out of control prior to the most recent event indicated to be in control. If the 

20 result is not prior in time to the most recent event indicated as being in control, the system and method next determine 
whether the result has been blocked. If so, the result is saved to the data base. If not, the system and method next deter- 
mine whether bracketing is enabled. If so, the result's state is set to QC pending, pending testing of the bracket closing 
control's(s') resurt(s) against the selected rule(s). The result is then saved to the data base. If bracketing is not enabled, 
the result is released to be saved to the data base. Once the result is saved to the data base, QC test status validation 

25 is complete. 

[0033] In technical validation. Fig. 1 5. the system and method first determine whether the result has been generated 
on a laboratory instrument already flagged for some reason. This might occur, for example, if the operator already is 
aware that the instrument is in need of service, etc. If the instrument has already been flagged, the result is marked 
"instrument f lagged. " and the result is blocked from passage to the data base. If the instrument is not flagged, the test, 
30 is next validated against the normal ranges for the test. The best matching normal range for the test is identified, and 
the test is validated against that range. If no normal range for the test is identified, the result is so marked, and, depend- 
ing on the setting of a file in the system, the result may be blocked. If a normal range for the test is identified, the result " 



against the normal range, or, where no normal range can be found, the result is marked as having no normal range, or 
35 where the test is not validated against a normal range, the test is next validated against prior results for the*same 
patient. If there are no prior results in the patient data base for the patient, the result is so marked. If there are prior 
results in the data base for the patient, the percentage change is checked against the allowable change, the result is 
marked with that change, and, depending on the setting of a configuration file in the system, the result may be blocked. 
Once the result is marked with a percentage change, or, where no prior patient data exists, marked to indicate that such 
40 marking is not possible, or where the test is not validated against prior patient results, the technical validation is com- 
plete. 



Claims 



45 1. A system for analyzing the results of determinations of the concentrations of medically significant components of 
control solutions, the system comprising a programmable machine and a program executable on the machine for 
testing the results against a set of multiple rules, and for producing indications to an operator of the results of the 
tests. 



so 2. The system of claim 1 further comprising an instrument for sequentially determining the concentrations of medically 
significant components of multiple samples of body fluids and control solutions, and an interface for relaying the 
results of the determinations of the concentrations of the medically significant components of the control solutions 
to the programmable machine to be tested by the program. 

55 3. The system of claim 2 wherein the program for testing the results against multiple rules comprises a program for 
testing a result of a first determination of the concentration of a first medically significant component of a first sam- 
ple of a first control solution against a first subset of the set of multiple rules, and subsequently testing a result of 
at least one of: a second determination; the concentration of a second medically significant component; a second 
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sample; and, a second control solution against at least one of the first subset and a second subset of the set of 
multiple rules. 

4. The system of claim 2 wherein the instrument for sequentially determining the concentrations of medically signifi- 
s cant components of multiple samples of body fluids and control solutions comprises an instrument for sequentially 

determining the concentrations of different medically significant components of samples of different body fluids and 
different control solutions in response to instructions to determine the concentrations of different medically signifi- 
cant components of samples of different body fluids and different control solutions, and the program comprises a 
program for instructing the instrument to determine the concentrations of different medically significant components 
io of samples of different body fluids and different control solutions, the system further comprising an interface for 
relaying instructions from the programmable machine to the instrument. 

5. The system of daim 4 wherein the program for testing the results against the set of multiple rules comprises a pro- 
gram for testing a result of a first determination of the concentration of a first medically significant component of a 

75 first sample of a first control solution against a first subset of the set of multiple rules and subsequently testing a 
result of at least one of: a second determination; the concentration of a second medically significant component; a 
second sample; and, a second control solution against at least one of the first subset and a second subset of the 
set of multiple rules. 

20 6. The system of claim 2 further comprising a second instrument for sequentially determining the concentrations of 
medically significant components of multiple samples of body fluids and control solutions, and an interface for relay- 
ing the results of determinations by the second instrument to the programmable machine to be tested by the pro- 
gram. 

25 7. The system of claim 6 wherein the program for testing the results against multiple rules comprises a program for 
testing a result of a first determination of the concentration of a first medically significant component of a first sam- 
ple of a first control solution against a first subset of the set of multiple rules, and subsequently testing a result of 
at least one of: a second determination; the concentration of a second medically significant component; a second 
sample; and, a second control solution against at least one of the first subset and a second subset of the set of 

30 multiple rules. 

8. The system of claim 6 wherein the instrument and the second instrument respectively comprise: an instrument for 

body fluids and control solutions in response to instructions to determine the concentrations of different medically 
35 significant components of samples of different body fluids and control solutions; and, a second instrument for 
sequentially determining the concentrations of different medically significant components of samples of different 
body fluids and control solutions in response to instructions to determine the concentrations of different medically 
significant components of samples of different body fluids and control solutions, and the program comprises a pro- 
gram for selectively instructing one of the instrument and the second instrument to determine the concentrations of 
40 different medically significant components of samples of different body fluids and control solutions, the system fur- 
ther comprising an interface for relaying instructions from the programmable machine to the one of the instrument 
and the second instrument. 

9. The system of daim 8 wherein the program for testing the results against the set of multiple rules comprises a pro- 
45 gram for testing a result of a first determination of the concentration of a first medically significant component of a 

first sample of a first control solution against a first subset of the set of multiple rules and subsequently testing a 
result of at least one of a second determination; the concentration of a second medically significant component; a 
second sample; and, a second control solution against at least one of the first subset and a second subset of the 
set of multiple rules. 

50 

10. A method for analyzing the results of determinations of the concentrations of medically significant components of 
control solutions, the method comprising the steps of providing a programmable machine, testing the results on the 
machine against a set of multiple rules, and producing indications to an operator of the results of the tests. 

55 11. The method of claim 1 0 further comprising the step of sequentially determining the concentrations of medically sig- 
nificant components of multiple samples of body fluids and control solutions, and relaying the results of the deter- 
minations of the concentrations of the medically significant components of the control solutions to the 
programmable machine to be tested by the program. 
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12. The method of daim 1 1 wherein testing the results against multiple rules comprises testing a result of a first deter- 
mination of the concentration of a first medically significant component of a first sample of a first control solution 
against a first subset of the set of multiple rules and subsequently testing a result of at least one of: a second deter- 
mination; the concentration of a second medically significant component; a second sample; and, a second control 
solution against at least one of the first subset and a second subset of the set of multiple rules. 

13. The method of claim 11 wherein sequentially determining the concentrations of medically significant components 
of multiple samples of body fluids and control solutions comprises sequentially determining the concentrations of 
different medically significant components of samples of different body fluids and control solutions in response to 
instructions to determine the concentrations of different medically significant components of samples of different 
body fluids and control solutions, instructing the determination of the concentrations of different medically signifi- 
cant components of samples of different body fluids and control solutions, and relaying instructions from the pro- 
grammable machine to the instrument. 

14. The method of claim 13 wherein testing the results against the set of multiple rules comprises testing a result of a 
first determination of the concentration of a first medically significant component of a first sample of a first control 
solution against a first subset of the set of multiple rules and subsequently testing a result of at least one of: a sec- 
ond determination; the concentration of a second medically significant component; a second sample; and, a sec- 
ond control solution against at least one of the first subset and a second subset of the set of multiple rules. 
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